Female sex workers (FSWs) are at high risk of human papillomavirus (HPV) infection. Questionnaires were administered to 200 FSWs aged 18 -26 years in Lima, Peru, to gather risk behaviours, and cervical swab samples were collected for Pap smears and HPV DNA testing as part of a longitudinal study. Participants reported a median of 120 clients in the past month, and 99.2% reported using condoms with clients. The prevalence of any HPV in cervical samples was 66.8%; 34 (17.1%) participants had prevalent HPV 16 or 18, and 92 (46.2%) had one or more oncogenic types. Fifteen women had abnormal Pap smears, 13 of which were HPV DNA positive. Fewer years since first sex was associated with oncogenic HPV prevalence in a model adjusted for previous sexually transmitted infection (STI) status and condom use with partners ( prevalence ratio ¼ 0.77, 95% confidence interval [CI] ¼ 0.60 -0.97). Our data confirm the high rates of HPV transmission among FSWs in Peru, highlighting the need for early and effective strategies to prevent cervical cancer.
INTRODUCTION
Approximately 500,000 women develop cervical cancer each year worldwide and persistent human papillomavirus (HPV) infection is found in nearly all cases. 1 HPV among women with normal cytological findings is high and variable across world regions. 2 HPV prevalence among women in Peru is 17.7%, nearly twice the worldwide rate, and cervical cancer is the leading cause of cancer deaths in Peruvian women. 3, 4 Female sex workers (FSWs) are presumably at higher risk of HPV infection and cervical cancer compared with women in the general population due to their exposure to multiple sexual partners. 5, 6 Prevalence of HPV among FSWs ranges from 2.3% to 100.0%, with a median of 26%. 7, 8 Reports of prevalence of oncogenic HPV infection ranges from 12.7% to 44.5% among FSWs in the Americas. 8, 9 HPV vaccines are highly efficacious against cervical intraepithelial neoplasia (CIN) associated with types 16 and 18 in women who were not infected at the time of immunization. 10 HPV vaccines are approved for use in the general population of women aged 9-26 years in more than 100 countries, but FSWs were not included, as a group, in the clinical trials. Only 10% of FSWs in Lima were aware of the vaccine. 11 Vaccination of brothel-based FSWs at their point of entry into sex work could potentially lower their burden of cervical cancer and decrease transmission to their sexual partners and clients. While it is ideal to vaccinate prior to the onset of sexual activity, all women could potentially benefit from vaccination, with the absolute benefit dependent on the extent of prior infection. We estimated the prevalence of HPV genotypes, Pap smear abnormalities and risky sexual behaviours among FSWs from Lima to evaluate the potential benefit in a study targeting brothel-based FSWs for HPV vaccination.
METHODS

Subjects
FSWs 18-26 years of age were recruited between 28 August 2009 and 3 March 2010 from 49 different locales in Lima, Peru by trained medical staff and eight health promoters. Potential participants provided verbal consent to undergo a brief screening in a private area at their place of work. Inclusion criteria were age 18-26 years, registered as a FSW living in Lima, no reported immune deficiency (including HIV), not pregnant or planning a pregnancy in the next seven months, having a uterus and not having received HPV vaccine. If they fulfilled inclusion criteria, women were asked to report to the study clinic during a date and time convenient for the participant for completion of surveys, vaccination, Pap smears and counselling.
The study was approved by the institutional review boards at the Universidad Peruana Cayetano Heredia, NGO Via Libre, Instituto Nacional de Salud of Peru and the Johns Hopkins Bloomberg School of Public Health.
Data collection
All participants provided written informed consent before participating in study procedures including four visits over seven months. Surveys consisted of 52 questions divided into nine sections including demographic data, sexual health, condom use, HPV knowledge and barriers, and medical history. Study documents were translated from English to Spanish and a certificate of translation was provided. The survey was labelled with a unique identification number. All surveys were administered in Spanish by a trained interviewer and results were immediately checked for completion by a supervisor. Participants had a pregnancy test followed by a general physical and gynaecological exam. Endo-and ectocervical cell samples were collected via Pap smear and a cervical swab was collected for HPV DNA testing using the Digene HPV sampling kit (Qiagen Inc, Gaithersburg, MD, USA). Women with low-grade intraepithelial lesions (LSIL) or high-grade intraepithelial lesions (HSIL) were referred for biopsy and colposcopy; those with HSIL or persistent LSIL previously diagnosed over one year ago were referred for LEEP (loop electrosurgical excision procedure) to remove abnormal cervical tissues in accordance with Peruvian guidelines. Genital tract infections were defined as bacterial (bacterial vaginosis, urinary tract infection, cervicitis), fungal (candida), viral (herpes, HPV) or protozoal (trichomoniasis).
Analyses
Survey data were double entered into EpiInfo 3.5.1 (CDC, Atlanta, GA, USA) by study staff and checked for logic and range. Discrepancies were resolved using the source document. Stata 9.0 (Stata Corp, College Station, TX, USA) was used for quantitative data analyses. Pearson's chi-square tests were computed for differences in HPV infection by age. Fisher's exact test was used for small sample comparisons. Differences in means were computed by F test.
The association between years since first sex and overall, highrisk, and quadrivalent vaccine-associated HPV prevalence was evaluated using prevalence ratios (PRs) with Poisson regression. Individual variables associated or nearly associated (P , 0.2) with HPV prevalence were considered in our final models.
Cervical samples were analysed for the presence or absence of HPV DNA by polymerase chain reaction using PGMY09/ PGMY11 primers at Johns Hopkins Bloomberg School of Public Health. 12 13 Pap smears were read by a pathologist and reported using the Bethesda system. 14 
RESULTS
Study population
Of 599 women approached, 200 (33%) were enrolled ( Figure 1 ). A cervical sample was not available for one participant. The average age of the 199 study participants was 23 years and 162 (81%) were Peruvian nationals ( Table 1) . Other participants were from Bolivia, Brazil, Columbia, Ecuador and the Dominican Republic. Seventy percent of women had heard of HPV at the time of the study, and of those, 94% responded that women can be infected with HPV, and 88% knew of a vaccine to prevent cervical cancer.
Ninety-nine percent of women reported using a method to prevent pregnancy; 24% used oral contraceptives in addition to condoms. The mean percentage of reported condom use in the past month was 99.2% with clients and 29.7% with partners. HPV prevalence was associated with reported condom use with clients ( prevalence ratio [PR] ¼ 0.68, 95% confidence interval [CI] 0.53 -0.86) but not with partners (PR ¼ 0.88, 95% CI 0.66-1.17). The number of sexual encounters with non-paying partners in the past month for those who reported having a non-paying partner (mean 9.58, range 0-60) was marginally associated with HPV prevalence (PR ¼ 0.99, 95% CI 0.98-1.00).
Twenty-seven percent of women reported having had a genital tract infection diagnosed in the past 12 months including bacterial (n ¼ 41), fungal (n ¼ 2), viral (n ¼ 11) and protozoal (n ¼ 1), and diagnosis of cervicitis was reported by 51% of participants with these infections. HPV (n ¼ 8) and genital herpes (n ¼ 3) were reported by 5.5% of participants. Having had a genital tract infection in the past year was not associated with any HPV prevalence (PR ¼ 1.09, 95% CI 0.88-1.34), but was marginally associated with prevalent oncogenic HPV (PR ¼ 1.33, 95% CI 0.98 -1.80) ( Table 2 ). Upon physical examination, 93 women (47%) had vaginal discharge and 55 (28%) had cervical inflammation.
HPV prevalence and cervical abnormalities
Among the 199 participants, the prevalence of one or more HPV DNA genotypes was 66.8%; 92 (46.2%) were positive for at least one oncogenic HPV, and 107 (53.8%) were positive for at least one lower risk HPV genotype. Vaccine-associated genotype prevalence included HPV 6 (n ¼ 11, 5.5%), HPV 11 (n ¼ 1, 0.5%), HPV 16 (n ¼ 28, 14.1%) and HPV 18 (n ¼ 6, 3.0%) ( Figure 2 ). HPV prevalence was high in all women aged !19 years and the highest rate of abnormal Pap smears was in women 18 years old. Women aged 22 years had the highest proportion of oncogenic HPV (66.7%). Of the 15 abnormal Pap smears, five were atypical squamous cells of unknown significance, seven were LSIL and three HSIL (Figure 3 ). Ten women underwent colposcopy and biopsy for LSIL or HSIL detected in Pap, and six women with histologically confirmed HSIL or persistent LSIL underwent LEEP. HPV 16 was detected in all participants who underwent LEEP. Ten participants had genital warts, five in whom the warts were perineal, and genital warts were always treated with cryotherapy. Of women with LSIL or HSIL, 100% had one or more oncogenic HPV types versus 43% for women with a normal Pap (PR ¼ 2.30, 95% CI 1.96-2.71). The prevalence of vaccine-associated genotypes was 21% among women with a normal Pap result, compared with 60% for those with LSIL or HSIL (PR ¼ 2.84, 95% CI 1.59-5.05).
Risk factors for HPV prevalence
Factors associated with prevalent HPV infection included age at first sex .17 years (PR ¼ 1.3, 95% CI ¼ 1.11-1.60), previous pregnancy (PR ¼ 1.26, 95% CI ¼ 1.04 -1.54), fewer years since first sex (PR ¼ 0.81, 95% CI ¼ 0.70 -0.94) and age at first period .14 years (PR ¼ 1.22, 95% CI ¼ 1.02-1.54). Overall age was not associated with prevalent HPV (PR ¼ 1.91, 95% CI ¼ 0.81-1.07). Women with oncogenic HPV (PR ¼ 0.75, 95% CI ¼ 0.56 -1.01) or with any HPV (PR ¼ 0.80, 95% CI ¼ 0.65-0.97) were significantly more likely to have fewer years since sexual debut compared with women without HPV.
Variables considered in our final models included ever being pregnant, age at first period, age at first sex, having a sexually transmitted infection (STI) in the past year, having a nonpaying sexual partner, condom use with partners and condom use with clients ( Table 2) . Having lost a pregnancy and frequency of non-paying sexual partner intercourse without condoms were dropped from the multivariate models due to collinearity.
In the univariate models, years since first sex (P , 0.01) and age at first period (P ¼ 0.04) were associated with any HPV infection, while years since first sex (P ¼ 0.03), previous STIs (P ¼ 0.06) and condom use with non-paying partners (P ¼ 0.05) were associated with oncogenic HPV. Years since first sex was significantly associated with oncogenic HPV infection (P ¼ 0.03) in a model adjusted for prevalent STIs in the past year and condom use with partners. Years since first sex was associated with any HPV infection (P ¼ 0.02) in a model adjusted for age at first period.
DISCUSSION
High point prevalence of HPV genotypes highlights a high sexual exposure to HPV among FSWs in this study despite reported consistent condom use. Presence of Pap smear abnormalities was lower than expected, but may be explained with the low sensitivity of the cytology screening in Peru. Vaccination should occur among young Peruvian women to ensure future protection against vaccine-associated genotypes, particularly in future high-risk groups.
Rates of condom use in our study were higher than reported rates among FSWs in Africa and the eastern Mediterranean, where condom use with clients was less than 50%. 15 Condom use is a requirement for FSWs in licensed Peruvian brothels, thus FSWs may have over-reported condom use in our study to appear compliant with government regulations. Despite reporting high rates of condom use with clients, FSWs in Lima have a high prevalence of HPV and other STIs. 16 Onequarter of participants in our study reported having had an STI diagnosis in the past year, which could be consistent with potential over-reporting of condom use, or could suggest that women contracted STIs from their non-paying sexual partners.
The abnormal Pap prevalence in this study was less than half the 21.6% reported among Guatemalan FSWs, possibly due to the lower age and/or higher reported condom use among participants in our study. 9 Alternatively, the quality of subjective Pap smear interpretation varies; the sensitivity of Pap smears for diagnosis of CIN 2/3 and cancer in a large study in the Peruvian Amazon was below 25%. 17 Special efforts should be made to improve cervical cytology in Peru.
The prevalence of oncogenic HPV types among our study participants was higher than the 35.6% noted in a recent study of 87 Peruvian FSWs using line blot assay. 18 Our high prevalence of oncogenic types could be due to the higher number of genotypes we tested, our use of the more sensitive linear array testing, or our larger sample size. 19 The overall Figure 2 Presence of 37 high-and low-risk HPV DNA genotypes among 199 female sex workers in Lima, Peru. HPV ¼ human papillomavirus HPV prevalence in this study is higher than that found in a large cohort of FSWs in Mexico city (48.9%), Indonesia (38.3%) and Spain (31.5%), perhaps resulting from the different sexual practices of women in each country and the variability in HPV testing including the use of linear array, line blot and hybrid capture 2. 20 -22 There was a strong association between years since first sex and higher HPV prevalence. Women who were farther from their sexual debut may have acquired and cleared their infections prior to study enrolment, whereas women with a more recent sexual debut may be less likely to have cleared infections and/or acquired protective immunity. Previous studies of FSWs have shown an inverse relationship between age and HPV prevalence. 18,20,21,23 -25 The decreased prevalence with age may be due to clearance of infection or development of protective immunity. Age was not directly associated with HPV prevalence in our study, most likely due to the limited age range of our study participants.
Although our study participants were drawn from a variety of venues with different income levels in Lima, the results may not be representative of the entire FSW population in Lima. Some women did not have the opportunity to participate, refused to participate or did not meet our eligibility criteria; if non-participation was related to sexual behaviours or HPV prevalence, this could have biased our estimates. A larger sample size could have yielded significant results including an increased number of sexual encounters with non-paying partners in the past month and significantly more genital tract infections in the past year. In addition, we did not conduct HIV testing and relied on self-reports of HIV results. Estimates from 2008 show a total HIV prevalence of 0.32% in Peru, with 2.1% among FSWs. 26 Another limitation in this study is that all behavioural data are self-reported, and some responses may be a result of response bias.
The cumulative lifetime HPV exposure is undoubtedly higher than the point prevalence of HPV DNA observed in this study due to clearance of some infections. Serological testing could provide a better estimate of cumulative risk of HPV among these FSWs. Cohort studies would assist in understanding HPV epidemiology, and including HPV test results from oral, vulvar, perianal and anal samples would also provide a more complete picture of prevalent HPV infections.
The high point prevalence of HPV DNA in this population of young FSWs highlights the need to vaccinate girls early in order to maximize benefit and protection in high-risk populations. Vaccines should not take the place of Pap smears, but they should complement cervical cytology, particularly in areas similar to Peru with less than 50% of women of child-bearing age receiving Pap smears. 27 Seroprevalence of vaccine-associated types in this population will be important to estimate the potential effectiveness of HPV vaccination among FSWs starting sex work. The current high list price of HPV vaccines is prohibitive for widespread acceptance in developing countries. Private-public initiatives are needed to bring these much needed vaccines to all women throughout the world, including FSWs. The Gates Foundation, Program for Appropriate Technology in Health (PATH), and the International Agency for Research on Cancer (IARC) are working in this effort. 28, 29 If HPV vaccination is found to have a favourable cost benefit in FSWs, retention activities should be strengthened to facilitate new FSWs receiving all three doses of vaccine. 
